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TRANSCRANIAL CURRENT STIMULATION
SYSTEM AND VIRTUAL REALITY FOR
TREATMENT OF PTSD OR FEARS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This is a Continuation-in-Part application of U.S.
Non-Provisional application Ser. No. 15/332,787, filed in
the United States on Oct. 24, 2016, entitled, “Method and
System to Accelerate Consolidation of Specific Memories
Using Transcranial Stimulation,” which is a Non-Provi-
sional patent application of 62/245,730, filed in the United
States on Oct. 23, 2013, entitled, “Method and System to
Accelerate Consolidation of Specific Memories Using Tran-
scranial Stimulation,” the entirety of which are hereby
incorporated by reference.

[0002] The present application is ALSQO a Non-Provi-
sional patent application of U.S. Provisional Application No.
62/516,350, filed in the United States on Jun. 7, 2017,
entitled, “A Method for Low Latency Automated Closed-
Loop Synchronization of Neurostimulation Interventions to
Neurophysiological Activity,” the entirety of which is
hereby incorporated by reference.

[0003] The present application is ALSO a Non-Provi-
sional patent application of U.S. Provisional Application No.
62/478,538, filed in the United States on Mar. 29, 2017,
entitled, “Transcranial Current Stimulation System and Vir-
tual Reality for Treatment of PTSD and Irrational Fears,” the
entirety of which is hereby incorporated by reference.

GOVERNMENT LICENSE RIGHTS

[0004] This invention was made with government support
under U.S. Government Contract Number W91INF-16-C-
0018. The government may have certain rights in the inven-
tion.

BACKGROUND OF INVENTION

(1) Field of Invention

[0005] The present invention relates to a system for treat-
ment of traumatic memories and, more particularly, to a
system for treatment of traumatic memories using a combi-
nation of transcranial current stimulation and virtual reality.

(2) Description of Related Art

[0006] Traumatic memories are intense, stressful, and
emotionally paralyzing. The reconsolidation hypothesis
states that when a consolidated memory is recalled, it
becomes unstable and susceptible to modification for a
discrete period of time, gradually becoming stable again.
The most common method for treatment of post-traumatic
stress disorder (PTSD) is aversion therapy under the guid-
ance of a psychologist or psychiatrist, in order to associate
more benign, safe feelings with the stressful memory. How-
ever, this process is inefficient; it can take years of therapy
to overcome the painful memory, since the intense emotion
of the initial experience causes it to be strongly encoded.

[0007] Prior art methods to impair existing declarative
memories in humans by disrupting reconsolidation either
use a behavioral re-conditioning paradigm during waking
(see Literature Reference No. 4 of the List of Incorporated
Literature References) or employ drugs that inhibit protein
synthesis during or following the experience of a traumatic
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memory (see Literature Reference No. 5). Often, medication
such as Prozac or Zoloft is prescribed to PTSD sufferers, but
these antidepressants do not treat the causes, only the
symptoms, and have the potential for psychological depen-
dence and addiction. Midazolam specifically disrupts recon-
solidation (see Literature Reference No. 2). but it is a
powerful sedative, also used as a lethal injection drug, and
can be dangerous.

[0008] Furthermore, prior art psychological trauma coun-
seling is a very slow process that can take years. As an
alternative to traditional “talk therapy”, Virtual Reality is
recently being explored to increase the power of a recalled
traumatic episode. One example is the BRAVEMIND pro-
gram being funded by ARL for military PTSD treatment.
Another example is used to treat a fear of flying. However,
none of these methods use cued recall during sleep to
consolidate the treatment into long-term memory.

[0009] Thus, a continuing need exists for a system that
employs high-definition transcranial current stimulation dur-
ing both waking and sleep to proactively disrupt the cycle of
reconsolidation of a traumatic memory and to promote
consolidation of a new, more benign association, to weaken
the effect of the trauma electrically.

SUMMARY OF INVENTION

[0010] The present invention relates to a system for treat-
ment of traumatic memories and, more particularly, to a
system for treatment of traumatic memories using a combi-
nation of transcranial current stimulation and virtual reality.
The system comprises one or more processors and a non-
transitory computer-readable medium having executable
instructions encoded thereon such that when executed, the
one or more processors perform multiple operations. During
a wake stage, the system causing a virtual environment to be
displayed via a virtual reality system in a benign setting. A
traumatic episode is displayed in the virtual environment via
the virtual reality system, wherein the traumatic episode is
created to include painful aspects of a traumatic memory.
Using a transcranial current stimulation (tCS) controller, a
pattern of transcranial direct current stimulation (tDCS) is
applied while the traumatic episode is being displayed via
the virtual reality system to associate the traumatic memory
with the pattern of tDCS given in the benign setting.
[0011] In another aspect, during a sleep stage, if a period
of slow-wave sleep is detected via electroencephalogram
(EEG) recordings, then the system causes the tCS controller
to apply a transcranial alternating current stimulation (tACS)
to the prefrontal cortex of the subject.

[0012] In another aspect, the virtual environment is gradu-
ally altered to be similar to an environment in which the
subject experienced the traumatic memory.

[0013] In another aspect, the pattern of tDCS is a Spatial-
Temporal Amplitude Modulated Pattern (STAMP).

[0014] In another aspect, the duration of the tDCS appli-
cation is varied based on the traumatic memory.

[0015] In another aspect, the period of slow-wave sleep
comprises a slow-wave oscillation, and wherein the system,
using the tCS controller, applies the pattern of tDCS for at
least a portion of the slow-wave oscillation.

[0016] In another aspect, the slow-wave oscillation com-
prises a plurality of UP phases, and the system, using the tCS
controller, applies the pattern of tDCS to a percentage of the
plurality of UP phases.
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[0017] Inanother aspect, the virtual environment is altered
in a series of sessions to gradually increase the level of
discomfort of a subject.

[0018] In another aspect, following a duration of applica-
tion of the tACS to the prefrontal cortex of the subject, a
duration of no stimulation occurs, wherein the duration of no
stimulation is shorter than the duration of application of the
tACS, and wherein following the duration of no stimulation,
the system causes the tCS controller to apply the pattern of
tDCS to the subject to weaken the traumatic memory.
[0019] Finally, the present invention also includes a com-
puter program product and a computer implemented
method. The computer program product includes computer-
readable instructions stored on a non-transitory computer-
readable medium that are executable by a computer having
one or more processors, such that upon execution of the
instructions, the one or more processors perform the opera-
tions listed herein. Alternatively, the computer implemented
method includes an act of causing a computer to execute
such instructions and perform the resulting operations.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] The objects, features and advantages of the present
invention will be apparent from the following detailed
descriptions of the various aspects of the invention in
conjunction with reference to the following drawings,
where:

[0021] FIG. 1 is a block diagram depicting the compo-
nents of a system for treatment of traumatic memories
according to some embodiments of the present disclosure;
[0022] FIG. 2 is an illustration of a computer program
product according to some embodiments of the present
disclosure;

[0023] FIG. 3A is an illustration of a wake stage of the
method for treatment of traumatic memories according to
some embodiments of the present disclosure;

[0024] FIG. 3B is an illustration of a sleep stage of the
method for treatment of traumatic memories according to
some embodiments of the present disclosure;

[0025] FIG. 4 is a flow diagram illustrating day operation
of the system for treatment of traumatic memories according
to some embodiments of the present disclosure; and
[0026] FIG.5is a flow diagram illustrating sleep operation
of the system for treatment of traumatic memories according
to some embodiments of the present disclosure.

DETAILED DESCRIPTION

[0027] The present invention relates to a system for treat-
ment of traumatic memories and, more particularly, to a
system for treatment of traumatic memories using a combi-
nation of transcranial current stimulation and virtual reality.
The following description is presented to enable one of
ordinary skill in the art to make and use the invention and to
incorporate it in the context of particular applications. Vari-
ous modifications, as well as a variety of uses in different
applications will be readily apparent to those skilled in the
art, and the general principles defined herein may be applied
to a wide range of aspects. Thus, the present invention is not
intended to be limited to the aspects presented, but is to be
accorded the widest scope consistent with the principles and
novel features disclosed herein.

[0028] In the following detailed description, numerous
specific details are set forth in order to provide a more
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thorough understanding of the present invention. However,
it will be apparent to one skilled in the art that the present
invention may be practiced without necessarily being lim-
ited to these specific details. In other instances, well-known
structures and devices are shown in block diagram form,
rather than in detail, in order to avoid obscuring the present
invention.

[0029] The reader’s attention is directed to all papers and
documents which are filed concurrently with this specifica-
tion and which are open to public inspection with this
specification, and the contents of all such papers and docu-
ments are incorporated herein by reference. All the features
disclosed in this specification, (including any accompanying
claims, abstract, and drawings) may be replaced by alterna-
tive features serving the same, equivalent or similar purpose,
unless expressly stated otherwise. Thus, unless expressly
stated otherwise, each feature disclosed is one example only
of a generic series of equivalent or similar features.

[0030] Furthermore, any element in a claim that does not
explicitly state “means for” performing a specified function,
or “step for” performing a specific function, is not to be
interpreted as a “means” or “step” clause as specified in 35
U.S.C. Section 112, Paragraph 6. In particular, the use of
“step of” or “act of” in the claims herein is not intended to
invoke the provisions of 35 U.S.C. 112, Paragraph 6.
[0031] Before describing the invention in detail, first a list
of cited references is provided. Next, a description of the
various principal aspects of the present invention is pro-
vided. Finally, specific details of various embodiment of the
present invention are provided to give an understanding of
the specific aspects.

(1) LIST OF INCORPORATED LITERATURE
REFERENCES

[0032] The following references are cited and incorpo-
rated throughout this application. For clarity and conve-
nience, the references are listed herein as a central resource
for the reader. The following references are hereby incor-
porated by reference as though fully set forth herein. The
references are cited in the application by referring to the
corresponding literature reference number, as follows:
[0033] 1. Foe E B. Social Anxiety Disorder Treatments:
Psychosocial Therapies. J. Clin. Psychiatry. 2006; 67
Suppl 12:27-30.

[0034] 2. Bustos S G, Maldonado H, Molina V A. Mida-
zolam Disrupts Fear Memory Reconsolidation. Neurosci-
ence. 2006; 139: 831-42.

[0035] 3. Bikson M, Datta A, Parra L. C, Dmochowski I,
Su Y. Neurocranial Electrostimulation Models, Systems,
Devices, and Methods. July.

[0036] 4. Chan J C K, LaPaglia J A. Impairing Existing
Declarative Memory in Humans by Disrupting Recon-
solidation. Proc. Nati. Acad. Sci. 2013; 110: 9309-13.

[0037] 5. Brunet A, Orr S P, Tremblay J, Robertson K,
Nader K, Pitman R K. Effect of Post-Retrieval Propranol
on Psychophysiologic Responding During Subsequent
Script-Driven Traumatic imagery in Post-Traumatic
Stress Disorder. J. Psychiatr. Res. 2008; 42: 503-6.

[0038] 6. Marshall, L, Helgadottir, H, Mdlle, M, Born, J.
Boosting Slow Oscillations During Sleep Potentiates
Memory. Nature. 2006; 444, 610-613.

[0039] 7. Cox R, Korjoukov I, de Boer M, Talamini [ M.
Sound Asleep: Processing and Retention of Slow Oscil-
lation Phase-Targeted Stimuli. PLoS ONE. 2014; 9(7).
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[0040] 8. Weathers, F W, Blake, D D, Schnurr, P P,
Kaloupek, D G, Marx, B P, & Keane, T,,. The Clinician-
Administered PTSD Scale for DSM-5 (CAPS-5). 2013.

(2) PRINCIPAL ASPECTS

[0041] Various embodiments of the invention include
three “principal” aspects. The first is a system for treatment
of traumatic memories. The system is typically in the form
of a computer system operating software or in the form of a
“hard-coded” instruction set. This system may be incorpo-
rated into a wide variety of devices that provide different
functionalities. The second principal aspect is a method,
typically in the form of software, operated using a data
processing system (computer). The third principal aspect is
a computer program product. The computer program prod-
uct generally represents computer-readable instructions
stored on a non-transitory computer-readable medium such
as an optical storage device, e.g., a compact disc (CD) or
digital versatile disc (DVD), or a magnetic storage device
such as a floppy disk or magnetic tape. Other, non-limiting
examples of computer-readable media include hard disks,
read-only memory (ROM), and flash-type memories. These
aspects will be described in more detail below.

[0042] A block diagram depicting an example of a system
(i.e, computer system 100) of the present invention is
provided in FIG. 1. The computer system 100 is configured
to perform calculations, processes, operations, and/or func-
tions associated with a program or algorithm. In one aspect,
certain processes and steps discussed herein are realized as
a series of instructions (e.g., software program) that reside
within computer readable memory units and are executed by
one or more processors of the computer system 100. When
executed, the instructions cause the computer system 100 to
perform specific actions and exhibit specific behavior, such
as described herein.

[0043] The computer system 100 may include an address/
data bus 102 that is configured to communicate information.
Additionally, one or more data processing units, such as a
processor 104 (or processors), are coupled with the address/
data bus 102. The processor 104 is configured to process
information and instructions. In an aspect, the processor 104
is a microprocessor. Alternatively, the processor 104 may be
a different type of processor such as a parallel processor,
application-specific integrated circuit (ASIC), program-
mable logic array (PLA), complex programmable logic
device (CPLD), or a field programmable gate array (FPGA).
[0044] The computer system 100 is configured to utilize
one or more data storage units. The computer system 100
may include a volatile memory unit 106 (e.g., random access
memory (“RAM”), static RAM, dynamic RAM, etc.)
coupled with the address/data bus 102, wherein a volatile
memory unit 106 is configured to store information and
instructions for the processor 104. The computer system 100
further may include a non-volatile memory unit 108 (e.g.,
read-only memory (“ROM”), programmable ROM
(“PROM”), erasable programmable ROM (“EPROM”),
electrically erasable programmable ROM “EEPROM”),
flash memory, etc.) coupled with the address/data bus 102,
wherein the non-volatile memory unit 108 is configured to
store static information and instructions for the processor
104. Alternatively, the computer system 100 may execute
instructions retrieved from an online data storage unit such
as in “Cloud” computing. In an aspect, the computer system
100 also may include one or more interfaces, such as an
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interface 110, coupled with the address/data bus 102. The
one or more interfaces are configured to enable the computer
system 100 to interface with other electronic devices and
computer systems. The communication interfaces imple-
mented by the one or more interfaces may include wireline
(e.g., serial cables, modems, network adaptors, etc.) and/or
wireless (e.g., wireless modems, wireless network adaptors,
etc.) communication technology.

[0045] In one aspect, the computer system 100 may
include an input device 112 coupled with the address/data
bus 102, wherein the input device 112 is configured to
communicate information and command selections to the
processor 100. In accordance with one aspect, the input
device 112 is an alphanumeric input device, such as a
keyboard, that may include alphanumeric and/or function
keys. Alternatively, the input device 112 may be an input
device other than an alphanumeric input device. In an
aspect, the computer system 100 may include a cursor
control device 114 coupled with the address/data bus 102,
wherein the cursor control device 114 is configured to
communicate user input information and/or command selec-
tions to the processor 100. In an aspect, the cursor control
device 114 is implemented using a device such as a mouse,
a track-ball, a track-pad, an optical tracking device, or a
touch screen. The foregoing notwithstanding, in an aspect,
the cursor control device 114 is directed and/or activated via
input from the input device 112, such as in response to the
use of special keys and key sequence commands associated
with the input device 112. In an alternative aspect, the cursor
control device 114 is configured to be directed or guided by
voice commands.

[0046] In an aspect, the computer system 100 further may
include one or more optional computer usable data storage
devices, such as a storage device 116, coupled with the
address/data bus 102. The storage device 116 is configured
to store information and/or computer executable instruc-
tions. In one aspect, the storage device 116 is a storage
device such as a magnetic or optical disk drive (e.g., hard
disk drive (“HDD”), floppy diskette, compact disk read only
memory (“CD-ROM”), digital versatile disk (“DVD”)).
Pursuant to one aspect, a display device 118 is coupled with
the address/data bus 102, wherein the display device 118 is
configured to display video and/or graphics. In an aspect, the
display device 118 may include a cathode ray tube (“CRT”),
liquid crystal display (“LCD”), field emission display
(“FED”), plasma display, or any other display device suit-
able for displaying video and/or graphic images and alpha-
numeric characters recognizable to a user.

[0047] The computer system 100 presented herein is an
example computing environment in accordance with an
aspect. However, the non-limiting example of the computer
system 100 is not strictly limited to being a computer
system. For example, an aspect provides that the computer
system 100 represents a type of data processing analysis that
may be used in accordance with various aspects described
herein. Moreover, other computing systems may also be
implemented. Indeed, the spirit and scope of the present
technology is not limited to any single data processing
environment. Thus, in an aspect, one or more operations of
various aspects of the present technology are controlled or
implemented using computer-executable instructions, such
as program modules, being executed by a computer. In one
implementation, such program modules include routines,
programs, objects, components and/or data structures that
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are configured to perform particular tasks or implement
particular abstract data types. In addition, an aspect provides
that one or more aspects of the present technology are
implemented by utilizing one or more distributed computing
environments, such as where tasks are performed by remote
processing devices that are linked through a communica-
tions network, or such as where various program modules
are located in both local and remote computer-storage media
including memory-storage devices.

[0048] An illustrative diagram of a computer program
product (i.e., storage device) embodying the present inven-
tion is depicted in FIG. 2. The computer program product is
depicted as floppy disk 200 or an optical disk 202 such as a
CD or DVD. However, as mentioned previously, the com-
puter program product generally represents computer-read-
able instructions stored on any compatible non-transitory
computer-readable medium. The term “instructions” as used
with respect to this invention generally indicates a set of
operations to be performed on a computer, and may repre-
sent pieces of a whole program or individual, separable,
software modules. Non-limiting examples of*“instruction”
include computer program code (source or object code) and
“hard-coded” electronics (i.e. computer operations coded
into a computer chip). The “instruction” is stored on any
non-transitory computer-readable medium, such as in the
memory of a computer or on a floppy disk, a CD-ROM, and
a flash drive. In either event, the instructions are encoded on
a non-transitory computer-readable medium.

(3) SPECIFIC DETAILS OF VARIOUS
EMBODIMENTS

[0049] Traumatic memories are intense, stressful, and
emotionally paralyzing. The reconsolidation hypothesis
states that when a consolidated memory is recalled, it
becomes unstable and susceptible to modification for a
discrete period of time, gradually becoming stable again.
The most common method for treatment of PTSD is aver-
sion therapy under the guidance of a psychologist or psy-
chiatrist, in order to associate more benign (i.e., gentle, not
harmful), safe feelings with the stressful memory. However,
this process is inefficient; it can take years of therapy to
overcome the painful memory, since the intense emotion of
the initial experience causes it to be strongly encoded.
[0050] The system described herein will make these
therapy sessions with the professional much more effective,
achieving the goals of therapy much faster. The system
consists of two stages. The first stage is to employ virtual
reality to evoke the painful memory, including painful
aspects of the memory, under safe and controlled conditions
(e.g., a benign setting). Safe and controlled conditions may
simply involve being in a home or office.

[0051] The benign setting is key, because the subject can
experience the traumatic memory with less fear and stress.
This is the basis of aversion therapy. This, in itself, is not
new, but it increases the efficacy of the second stage. The
second stage of the system is to apply a weak, unique pattern
of electrical stimulation to the scalp during one or more of
these aversion therapy sessions, and then use this same
pattern as a cue during sleep to promote reactivation of the
new benign association during sleep, consolidating it much
faster than normal.

[0052] FIGS. 3A and 3B depict the two stages of the
invention described herein. FIG. 3A illustrates the wake
stage, wherein the subject 300 relives the traumatic episode
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in the virtual world (created by three-dimensional (3D)
images in a VR (virtual reality) head-mounted display 302
(e.g., a virtual reality system) and spatialized audio 304 over
headphones 306). During the episode, a unique spatial
pattern of high definition (HD) transcranial stimulation is
applied (i.e. HD-tCS control signals 308). U.S. Non-Provi-
sional application Ser. No. 15/332,787, which is hereby
incorporated by reference as though fully disclosed herein,
described how such a pattern is determined. In short, the
pattern is a set of currents, one for each stimulation electrode
on the scalp, and this spatial pattern must be different from
any other pattern associated with any other experience
applied to this subject. During the sleep stage, as shown in
FIG. 3B, when the computer 310 detects slow-wave oscil-
lations in the HD-EEG data 312, the same pattern of
stimulation is applied (i.e. HD-tCS control signals 308),
thereby cueing a recall of the therapy session.

[0053] As shown in FIGS. 3A and 3B, the subject 300
wears a high-density array of electrical stimulators 314
HD-tCS (high-definition transcranial current stimulation) on
his or her head. Additionally, the subject 300 wears a virtual
reality head-mounted display 302 on the eyes (“VR HMD”),
and spatialized audio 304 over headphones. A computer 308
projects a compelling virtual environment on the display
302, and the subject 300 should feel immersed and com-
fortable in the environment, as it is changed gradually to
become very similar to the environment in which the subject
experienced the traumatic episode. A therapist or a loved one
can make the subject 300 feel comfortable and safe, for
example, by holding a hand or putting a hand on a shoulder.

[0054] The painful memory is evoked by creating the
situation in the virtual environment. The virtual reality
simulator (see FIG. 4, element 400) notifies the HD-tCS
controller (FIG. 4, element 310) the precise time when the
painful memory is being simulated. From the time the
memory is evoked, during the extent of the experience, a
unique Spatial-Temporal Amplitude Modulated Pattern
(STAMP) of weak current is applied to the scalp of the
subject 300. The best result will be if the experience can be
evoked suddenly and strongly, and for a short time span on
the order of seconds or a minute, so that a strong mental
impression can be associated with the STAMP. The strength
of the experience may be determined by biometrics mea-
surements from a sensor such as galvanic skin response
relative to baseline readings from the subject taken before
the session, or by subjective indications the subject can be
asked to give, such as indicating a level of stress from 1 to
10 by holding up fingers.

[0055] FIG. 4 is a flow diagram depicting the day (or
wake) operation stage of the present invention. As described
above, a virtual world is created by a virtual reality simulator
400 and displayed via a virtual reality head-mounted display
(VR HMD) 302. The virtual reality simulator 400 is a
computer configured to render a 3D image of some envi-
ronment that may be real or computer-generated, and display
it on a stereoscopic display (such as a VR HMD), where the
point-of-view of the display is controlled by location/direc-
tion/gyroscope sensors on the head and other parts of the
body. The painful episode 402 (having a start and an end) is
evoked by creating the situation in the virtual environment.
For example, if a painful memory is associated with a room,
the interior of a vehicle, or a particular outdoor location, the
virtual environment may include images from photographs
of that location. In some embodiments, the virtual environ-
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ment may be a representation of that location created from
software based on descriptions or images of the environ-
ment. Particular cues associated with the traumatic memory
such as an item, people wearing camouflage, particular types
of vehicles, implements, may be included in the virtual
environment. In some embodiments, the situation created by
the virtual environment may be new rather than based on a
person’s prior specific experiences. For example, the envi-
ronment may include getting in various types of aircraft, or
being on an elevated platform such as a balcony, porch, or
cliff. Additional examples are provided below with respect
to types of therapy sessions.

[0056] The virtual reality simulator 400 notifies the HD-
tCS controller the precise time when the painful memory is
being simulated. The computer 310 causes the tCS controller
to apply a transcranial direct current stimulation ({DCS)
stamp for the duration of the painful episode 402. tDCS is
a form of neurostimulation that uses constant, low current
delivered to electrodes arranged on the scalp. Thus, stimu-
lation currents are held constant.

[0057] FIG. 5 is a flow diagram illustrating a sleep opera-
tion (or stage), which is described in detail in U.S. Provi-
sional Application No. 62/516,350, which is hereby incor-
porated by reference as though fully set forth herein. The
technique employs a rolling mean of EEG channels and fits
a 1 Hertz (Hz) oscillation to the previous second or so, and
that fitted oscillation is the prediction for the next positive
phase of the slow wave oscillation. Note that the actual
phase of SWO constantly varies around 1 Hz so one has to
constantly update prediction of the next UP phase. On the
night after (or other suitable time) the therapy session
described above for the day (or wake) operation stage, the
subject 300 again wears the same high-density array of
stimulators 314 on the head (FIG. 3B), this time including
sensors, such as EEG (electro-encephalogram). The com-
puter 308 monitors the EEG recording. When a period of
slow-wave sleep is detected (element 500), such as a period
when EEG oscillates at a frequency of 0.5-1 Hertz (Hz). The
system then commands the HD-tCS array of stimulators to
apply a short period (e.g., 5 cycles) of tACS (transcranial
alternating current stimulation) to the prefrontal cortex
(PFC) of the subject (element 504). tACS is a noninvasive
means by which alternating electrical current applied
through the skin and skull entrains in a frequency-specific
fashion the neural oscillations of the underlying brain. tACS
currents are time dependent and have a sinusoidal shape.
Amplitude, frequency, and relative phases can be controlled
across stimulation electrodes. This lengthens the period of
slow-wave sleep and strengthens the amplitude of the slow-
wave oscillation (SWO). The EEG can be analyzed after the
stimulation, and the power of the SWO can be determined,
as described in Literature Reference No. 6.

[0058] Then, after a short cool-down period (e.g., approxi-
mately 3 seconds) (element 506), the system causes the
HD-tCS array to stimulate the STAMP montage for the
duration of the positive half-cycle of the SWO (approxi-
mately 500 milliseconds (ms), called the UP-phase (element
508). The architecture of the slow-wave oscillation is well-
known in the art, such as described in Literature Reference
No. 7. These two stages (elements 504 and 506) lead to
improved consolidation of the memory that was cued by the
STAMP montage. Neuronal membrane potentials switch
from a depolarized level during an UP-phase to a hyperpo-
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larized level during a DOWN-phase. This shift in the
membrane potential has been used to detect cortical
UP/DOWN phases.

[0059] This two-stage process (FIGS. 3A-3B, 4, and 5)
may be repeated to get the desired improvement in the
subject’s condition. A desired improvement would be a
subjective judgement (e.g., a survey or questionnaire) of the
PTSD sufferer who would report frequency and intensity of
experiences of PTSD during the days and nights of treat-
ment. When the subject feels that PTSD is no longer a
debilitating condition, the subject’s treatment could be
stopped. All memories are consolidated during the SWO
periods. The “time for stim?” box 502 in FIG. 5 becomes
true when an UP-phase prediction is available and there is
enough time to ramp up the stimulation (100 ms, depending
on the tCS controller).

[0060] While the disclosure describes a specific embodi-
ment employing transcranial direct current electrical stimu-
lation (tDCS) and tACS, variations of the protocol are also
possible. For instance, the intervention can include tACS
alone or tDCS alone. Further, the tACS and/or tDCS can be
delivered via implanted electrodes rather than transcranially.
In addition, the intervention can include transcranial mag-
netic stimulation (TMS) or targeted memory reactivation
(TMR) via auditory or olfactory stimulation. Moreover, in
an alternative embodiment, exposure therapy in a session
with a therapist talking though the traumatic experience may
be used to replace the display of the virtual reality to the
subject.

[0061] In summary, this disclosure describes a system to
weaken a traumatic memory by using a unique, weak pattern
of transcranially-applied electrical stimulation to tag a reac-
tivation of the memory in a benign setting during a therapy
session and, subsequently, to cue the benign association
during sleep, thereby consolidating the benign association.
During the therapy session in a virtual environment, the
traumatic episode is recreated, and the STAMP pattern is
applied while the stressful episode is being simulated. Dur-
ing positive phases of slow-wave oscillation (SWO) period
of sleep, a period of tACS is applied, interleaved with the
STAMP. The STAMP acts as a cue to reactivate the benign
association. Some SWO cycles should be un-STAMPed to
allow time for other memories to consolidate. The intensity
of the traumatic episode can be increased from waking
session to waking session, until the subject is relieved of the
painful associations.

[0062] The therapy can be staged to present short, mild
experiences during the first treatment periods, and gradually
increase their intensity and duration. For example, to
weaken a fear of heights, the first experience might be on a
porch in a virtual environment, with no railing, only a meter
or so off the ground. After enough sessions that the subject
is comfortable, the porch can be raised by a meter or two at
a time to present more challenging experiences. Likewise,
for fear of flying, the first experiences might be just walking
into an airplane and buckling the seat belt. Later, a takeoff
can be added, and finally turbulence. It is easy to create very
compelling experiences in such a virtual world.

[0063] Various fears may be addressed using this system,
including fear of objects, animals, insects, sounds, sensa-
tions, experiences, smells, etc. For each case, the fear may
be addressed by presenting the fear through virtual reality
while making the experience more benign through the use of
a controlled environment and/or the assistance of other
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persons. Fear of sensations and experiences may be simu-
lated with props or controlled presentation of the feared
experience. For example, fear of heat or cold may be
addressed with gradually increasing application of the feared
experience in small amounts to a subject while they are
presented with the virtual environment and while transcra-
nial direct current stimulation is applied to the subject.
[0064] The targeted transcranial neurostimulation system
according to embodiments of the present disclosure will cure
people of post-traumatic stress and irrational fears and rid
them of disturbing memories without physical risk to the
patient. It is reasonable and useful to fear traumatic events,
but when such fears become crippling and debilitating, it is
a problem. The invention described herein has goals similar
to trauma-focused cognitive behavioral therapy techniques
(e.g., Literature Reference No. 1) common in psychological
treatment. The approach is to relive the trauma in a safe
setting, guided by a skilled therapist, and learn a new
association. However, unlike such techniques that require
appointments with trained therapists for months or years of
sessions, the system and method according to embodiment
of this disclosure can accelerate treatment.

[0065] Unlike pharmacological intervention, the approach
described herein has low physical risk and no pharmaco-
logical side effects, and will be more effective than behav-
ioral therapies. Additionally, the approach will allow, for the
first time, a targeted personalized closed-loop system for
weakening the specific memories that are bothering the
patient. Several commercial companies market high-defini-
tion transcranial stimulation products to which the invention
described herein can be applied.

[0066] The advantages of the system and method accord-
ing to embodiments of the present disclosure include the
following. The therapeutic procedure is safe; it does not
require drugs. The therapy can be added to standard psy-
chological therapy techniques to greatly improve their effec-
tiveness. The therapy is targeted; it is applied only during
certain periods of sleep with the only side-effects being a
more restful night’s sleep (due to the AC protocol applied to
lengthen the slow wave sleep stage), compared with a drug
treatment whose effects can have unintended systemic
chemical side-effects. As can be appreciated by one skilled
in the art, the patient may sleep during the day and be awake
during the night, so any reference to a “night’s sleep” or
“night operation” can be considered to be applicable to
whenever the patient sleeps, day or night.

[0067] Inaddition, due to its ability to enhance the efficacy
of therapy sessions, the system can significantly decrease the
number of such sessions required. The desired end-result is
subjective. The patient wants relief from debilitating PTSD
experiences that may occur daily and can destroy a person’s
ability to hold down a job and/or to take care of their
children. The resulting depression can lead to drinking or
drugs to try to numb the emotions. There are well established
assessment measures used to diagnose PTSD and to measure
the effectiveness of therapy. There are a number of struc-
tured interviews and self-report questionnaires that may be
used, and some are targeted at particular forms of PTSD
(e.g., due to rape, battle, accidents). For instance, the Cli-
nician-Administered PTSD Scale (CAPS) was created by
the National Center for PTSD, and is one of the most widely
used PTSD interviews (see Literature Reference No. 8). The
first stage of transition would be a clinical system, for lab use
where the disturbing memory needs to be artificially evoked.
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A second stage would be a home system that can be either
self-initiated or works automatically. A final stage would be
a portable personal therapy system that also can be operated
by a naive user with minimal supervision.

[0068] Finally, while this invention has been described in
terms of several embodiments, one of ordinary skill in the art
will readily recognize that the invention may have other
applications in other environments. It should be noted that
many embodiments and implementations are possible. Fur-
ther, the following claims are in no way intended to limit the
scope of the present invention to the specific embodiments
described above. In addition, any recitation of “means for”
is intended to evoke a means-plus-function reading of an
element and a claim, whereas, any elements that do not
specifically use the recitation “means for”, are not intended
to be read as means-plus-function elements, even if the
claim otherwise includes the word “means”. Further, while
particular method steps have been recited in a particular
order, the method steps may occur in any desired order and
fall within the scope of the present invention.

What is claimed is:

1. A system for treating fear and stress from traumatic
memories, the system comprising:

one or more processors and a non-transitory computer-

readable medium having executable instructions
encoded thereon such that when executed, the one or
more processors perform operations of:

during a wake stage, causing a virtual environment to be

displayed via a virtual reality system in a benign
setting;

displaying a traumatic episode in the virtual environment

via the virtual reality system, wherein the traumatic
episode is created to include painful aspects of a
traumatic memory; and

using a transcranial current stimulation (tCS) controller,

applying a pattern of transcranial direct current stimu-
lation (tDCS) while the traumatic episode is being
displayed via the virtual reality system to associate the
traumatic memory with the pattern of tDCS given in the
benign setting.

2. The system as set forth in claim 1, wherein during a
sleep stage, if a period of slow-wave sleep is detected via
electroencephalogram (EEG) recordings, then the one or
more processors further perform an operation of:

causing the tCS controller to apply a transcranial alter-

nating current stimulation (tACS) to the prefrontal
cortex of the subject.

3. The system as set forth in claim 1, wherein the virtual
environment is gradually altered to be similar to an envi-
ronment in which the subject experienced the traumatic
memory.

4. The system as set forth in claim 1, wherein the pattern
of tDCS is a Spatial-Temporal Amplitude Modulated Pattern
(STAMP).

5. The system as set forth in claim 1, wherein the duration
of the tDCS application is varied based on the traumatic
memory.

6. The system as set forth in claim 2, wherein the period
of slow-wave sleep comprises a slow-wave oscillation, and
wherein the one or more processors further perform an
operation of, using the tCS controller, applying the pattern
of tDCS for at least a portion of the slow-wave oscillation.

7. The system as set forth in claim 6, wherein the
slow-wave oscillation comprises a plurality of UP phases,
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and wherein the one or more processors further perform an
operation of, using the tCS controller, applying the pattern
of tDCS to a percentage of the plurality of UP phases.

8. A computer implemented method for treating fear and
stress from traumatic memories, the method comprising an
act of:

causing one or more processors to execute instructions

encoded on a non-transitory computer-readable
medium, such that upon execution, the one or more
processors perform operations of:

during a wake stage, causing a virtual environment to be

displayed via a virtual reality system in a benign
setting;

displaying a traumatic episode in the virtual environment

via the virtual reality system, wherein the traumatic
episode is created to include painful aspects of a
traumatic memory; and

using a transcranial current stimulation (tCS) controller,

applying a pattern of transcranial direct current stimu-
lation (tDCS) while the traumatic episode is being
displayed via the virtual reality system to associate the
traumatic memory with the pattern of tDCS given in the
benign setting.

9. The method as set forth in claim 8, wherein during a
sleep stage, if a period of slow-wave sleep is detected via
electroencephalogram (EEG) recordings, then the one or
more processors further perform an operation of:

causing the tCS controller to apply a transcranial alter-

nating current stimulation (tACS) to the prefrontal
cortex of the subject.

10. The method as set forth in claim 8, wherein the virtual
environment is gradually altered to be similar to an envi-
ronment in which the subject experienced the traumatic
memory.

11. The method as set forth in claim 8, wherein the pattern
of tDCS is a Spatial-Temporal Amplitude Modulated Pattern
(STAMP).

12. The method as set forth in claim 8, wherein the
duration of the tDCS application is varied based on the
traumatic memory.

13. The method as set forth in claim 9, wherein the period
of slow-wave sleep comprises a slow-wave oscillation, and
wherein the one or more processors further perform an
operation of, using the tCS controller, applying the pattern
of tDCS for at least a portion of the slow-wave oscillation.

14. The method as set forth in claim 13, wherein the
slow-wave oscillation comprises a plurality of UP phases,
and wherein the one or more processors further perform an
operation of, using the tCS controller, applying the pattern
of tDCS to a percentage of the plurality of UP phases.

15. A computer program product for treating fear and
stress from traumatic memories, the computer program
product comprising:

computer-readable instructions stored on a non-transitory

computer-readable medium that are executable by a

computer having one or more processors for causing

the processor to perform operations of:

during a wake stage, causing a virtual environment to
be displayed via a virtual reality system in a benign
setting;

displaying a traumatic episode in the virtual environ-
ment via the virtual reality system, wherein the
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traumatic episode is created to include painful
aspects of a traumatic memory; and

using a transcranial current stimulation (tCS) control-
ler, applying a pattern of transcranial direct current
stimulation (tDCS) while the traumatic episode is
being displayed via the virtual reality system to
associate the traumatic memory with the pattern of
tDCS given in the benign setting.

16. The computer program product as set forth in claim
15, wherein during a sleep stage, if a period of slow-wave
sleep is detected via electroencephalogram (EEG) record-
ings, then the one or more processors further perform an
operation of:

causing the tCS controller to apply a transcranial alter-

nating current stimulation (tACS) to the prefrontal
cortex of the subject.

17. The computer program product as set forth in claim
15, wherein the pattern of tDCS is a Spatial-Temporal
Amplitude Modulated Pattern (STAMP).

18. The computer program product as set forth in claim
15, further comprising instructions for causing the one or
more processors to cause the tCS controller to vary the
duration of the tDCS application based on the traumatic
memory.

19. The computer program product as set forth in claim
16, wherein the period of slow-wave sleep comprises a
slow-wave oscillation, and wherein the computer program
product further comprises instructions for causing the one or
more processors to further perform an operation of, using the
tCS controller, applying the pattern of tDCS for at least a
portion of the slow-wave oscillation.

20. The computer program product as set forth in claim
19, wherein the slow-wave oscillation comprises a plurality
of UP phases, and wherein the computer program product
further comprises instructions for causing the one or more
processors to further perform an operation of, using the tCS
controller, applying the pattern of tDCS to a percentage of
the plurality of UP phases.

21. The system as set forth in claim 1, wherein the virtual
environment is altered in a series of sessions to gradually
increase the level of discomfort of a subject.

22. The system as set forth in claim 2, wherein following
a duration of application of the tACS to the prefrontal cortex
of the subject, a duration of no stimulation occurs, wherein
the duration of no stimulation is shorter than the duration of
application of the tACS, and wherein following the duration
of no stimulation, the one or more processors further per-
form an operation of causing the tCS controller to apply the
pattern of tDCS to the subject to weaken the traumatic
memory.

23. The method as set forth in claim 8, wherein the virtual
environment is altered in a series of sessions to gradually
increase the level of discomfort of a subject.

24. The method as set forth in claim 9, wherein following
a duration of application of the tACS to the prefrontal cortex
of the subject, a duration of no stimulation occurs, wherein
the duration of no stimulation is shorter than the duration of
application of the tACS, and wherein following the duration
of no stimulation, the one or more processors further per-
form an operation of causing the tCS controller to apply the
pattern of tDCS to the subject to weaken the traumatic
memory.
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